Abstract:
INTRODUCTION
Milk yield, reproductive performance and health are important factors determining profitability of dairy farms. High milk yield increases susceptibility to disease (25, 30) and reduces reproductive performance of cows (1, 13, 14). Mastitis decreases milk yield and its quality and increases the risk of culling (3, 22) and its economic impact is well documented (9, 12). The logarithmic transformation of milk somatic cell count, into a somatic cell score (SCS), is highly correlated with mastitis and it is as an indicator of the mammary health status (1 0). Selection against high SCS has been suggested to improve resistance to mastitis (23). Among the most common measures of reproductive performance, days to first service after calving, number of services per conception and days open are highly influenced by management (7), while conception rate at first service (CR) is less dependent on management (13).
The phenotypic and genetic relationships between milk yield and reproduction, and between milk yield and production disease have previously been shown to be antagonistic (11, 26) . It has also been shown that the phenotypic antagonistic relationship between milk yield and reproductive efficiency was inversely related to the level of management ( 11) and that better management reduces the genetic increase in susceptibility to mastitis expected as a correlated response to genetic change in milk yield (27) . Other study (2), however, did not show differences among the genetic correlations between milk yield and SCS from environments that were defmed by herd average SCS.
The objective of this study was to evaluate the effect of herd environment on the genetic and phenotypic relationships among milk yield, conception rate, and SCS in primiparous Holstein cows. Accurate information regarding the interrelationships among these variables and their dependence on herd environment should prove useful for the design of effective breeding programs. To accomplish this objective, the phenotypic and genetic correlations among milk yield, conception rate, and SCS in first lactation cows performing in alternative herd environment classifications were estimated and the correlated response for conception rate and SCS in different environments were evaluated.
DATA AND METHODS

Data and Edits
The data for this study were provided by the Animal Improvement Processing Laboratory of the USDA. Only herds with size of every herd-year class between 50 and 500 records were included. All first lactation records with date of calving, SCS, mature equivalent milk production (ME) and with age at first calving between 18 and 36 months were kept. Data were also restricted to sires with at least 50 first calving daughter records.
The binary variable CR was set to zero if number of services was > 1 or unity if second calving was 260 to 290 d after first breeding. Age at first calving (AFC) and age at second calving (ASC) were calculated for every record. Maturity (MAT) was calculated as the ratio of body weight at first calving divided by AFC.
Lactation mean of SCS (LMSCS) was defined as the average of up to 12 SCS test days as in (19).
A total of 248,230 Northeast DHI Holstein records from cows calving from January 1987 to December 1994 remained after edits. The data represented 588
Holstein sires in 3,042 herds. Means and standard deviations of variables considered in this study are presented in Table 1 . The herd means and standard deviations for MEM, LMSCS and CR are presented in Table 2 .
Herd Classification
Herds were classified into either of two classes based on three criteria. The first criterion (C1) was based on MEM herd standard deviation with high class representing the upper quartile (MEM herd SD ~ 1, 73 7 kg) and low class representing the lower quartile (MEM herd SD : =: ; ; 1,344 kg).
The second criterion (C2) was based on a combination ofMEM herd mean and MEM herd standard deviation.
To generate two classes with similar number of herds per class as when using C 1, cut off values for herd mean and herd standard deviation for MEM were set to upper 40% for MEM herd mean(~ 9,864 kg) and for MEM herd standard deviation(~ 1,621 kg) for high class, and to lower 40% for MEM herd mean(:=:;; 9,307 kg) and for MEM herd standard deviation(:=:;; 1,479 kg) for low class.
A third criterion (C3) was based on the herd mean of MAT, a measure that depends mainly on nutritional management prior to production, with the high class (MAT herd mean~ 0.733 kg/day) representing upper quartile and the low class (MAT herd mean:=:;; 0.638 kg/day) representing lower quartile.
The means and the standard deviations for each trait for high and low class as defined by the three classification criteria were very similar and hence only the means and standard deviations for C2 classification criterion are shown in Table 3 .
The number of records per sire, number of herds, and number of herd-yearseason of calving combinations for the entire data set and for high and low environment class for each criterion are shown in Table 4 .
The number of herds in low, medium and high classes for two-way classification criteria combinations are shown in Table 5 . The number of herds in each diagonal represent the herds classified in the same class level by the two classification criteria. 
Model and Analysis
The model used to estimate (co )variance components was a multiple trait linear 
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Three traits, MEM, LMSCS and CR, were simultaneously analyzed.
A binary trait, CR, was included in a multiple trait linear model where the multivariate normal distribution of the traits is assumed because a normal approximation was adequate given its mean (0.504) and the large number of records used in this study. and coefficients of additive genetic variation were calculated as
where P,Pi is the estimate of the phenotypic mean for the ith trait.
The correlated response to selection was estimated as the regression of the breeding values of trait i, on breeding values of trait}, as
Comparing Genetic (Co) Variance Structures
Two approaches were considered to compare the genetic (co )variance structures, the heritabilities and the genetic correlations between low and high management environments for the traits studied. First, a LRT was used to compare the two Go matrices from low and high environment classes (21 ). It is only an approximation because, although the two classes are environmentally independent, they share genes (same sires) so the complete independence assumption is not fulfilled. A significant test implies that (a) two separate models describe the genetic variation better than a single model (i.e., there are two different Go matrices); and (b)
that there exists genotype by environment interaction. Second, approximate standard errors for heritabilities and genetic correlations were calculated (17, 29) and used to asses differences between these parameters in high and low environment classes.
RESULTS AND DISCUSSION
General Results
The heritabilities and genetic and phenotypic correlations for the complete data set are presented in Table 6 . These results are similar to other estimates (1, 2, 14, 20,
31
). An antagonistic phenotypic and genetic association was found between MEM and CR. Similarly, genetic and phenotypic correlations showed that higher LMSCS was associated with lower CR, while the association between MEM and LMSCS was phenotypically favorable but genetically unfavorable.
Environmental Classes and the Genetic (Co)variance Structure
The effect of herd environment on the genetic (co )variance structure among the traits was similar, independent of the classification criteria used to stratify herds. This is not surprising given that a large proportion of the herds in the study is insensitive to classification the criteria used (Table 5) . Therefore, only results using the C2 criterion are presented.
To determine if sires were differentially used within environment classes, the sires' predicted transmitting abilities (PTA) from the entire data set were weighted by the number of daughters in each environment class. No differential use of sires in the two classes was detected ..
The heritabilities and genetic and phenotypic correlations for low and high environment classes are presented in Table 7 , and sire and residual (co)variances for low and high environment classes are presented in Table 8 . The LRT test shows that the genetic (co )variance structure is not the same for low and high environment classes (P < 0.001).
A non-proportional change in genetic and residual variances for MEM was observed in the low versus high environment, leading to higher heritability in the high environment class in agreement with other studies ( 4, 6, 24).
The heritability for LMSCS did not differ in the high and low environment classes. Similar results were reported by Banos and Shook (2) using herd average SCS as a criterion for defining environments.
Heritability for CR was similar and small in both environments. 
Genetic Correlations for the Same Trait between Environments
The genetic correlations between the low and high environment classes for MEM, LMSCS, and CR were 0.975, 0.981 and 0.997, respectively, indicating that the breeding value and ranking of the sires for each of these traits would be the same in the two environment classes.
Coefficients of Additive Genetic Variation
The coefficients of additive genetic variation (CAV) were 8.05%, 13.08%, and 11.91% for MEM, LMSCS, and CR, respectively. Higher CA V values for CR than for milk were also reported in other studies (14, 16).
Correlated Responses to Selection for Milk
The expected correlated response in LMSCS and in CR for the entire population, and for low and high herd environment classes when selection is practiced on MEM are shown in Table 9 .
In the entire population 1,000 kg genetic improvement in MEM is expected to be associated with a reduction in CR of 3.11 %, or 6.17% of the average CR in this The expected correlated response in CR was 4.47% and 1.57% in low and high environmental class, representing 8.63% and 3.22% of the average CR in each group.
In other words, the genetic deterioration of CR is close to three times larger in the low relative to high environment class (see Low/High in Table 9 ). These results are in agreement with Studer's (28) suggests that, for the pairs of traits considered, the genes with pleiotropic effect act differently in high and low environment class herds.
It is often suggested that improvement in fertility and health traits should be easier to achieve through better management than through selection. It is very likely that the major difference between low and high environment classes as defined in this study is the level of management. Our results indicate that, through supenor management in high class, the genetic antagonism between MEM and CR and between MEM and SCS is reduced but not eliminated. Therefore, good management by itself could not completely prevent genetic deterioration in these traits brought by selection for MEM.
Presently, no selection pressure is directed toward fertility traits except indirectly via correlation through length of productive life, while SCS receive about one tenth the weight of milk production in the Net Merit formula. This study suggests 14 that CR could also be included in Net Merit formula and also suggests that weights on CR and SCS should also vary with environment class, with higher weights for herds in low environment class.
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